Background and Objectives: Almost every fifth stroke occurs during sleep. Data about characteristics and etiology of stroke during sleep are conflicting. We investigated the association of the activity at stroke onset (onset during night sleep vs. onset while awake) with stroke subtypes of different etiology. Methods: A total of 1448 patients with first-ever stroke with known time of symptom presentation were prospectively evaluated. Statistical comparisons were performed between patients with stroke during sleep and stroke while awake in terms of demographic features, known risk factors, vascular comorbidities, and stroke subtypes. Multiple variable logistic regression analyses were performed to identify predictor variables (including stroke risk factors and stroke subtypes) for stroke during sleep. Results: Stroke during sleep was documented in 264 cases (18.2%). In subjects with stroke during sleep, lacunar infarction was the most prevalent stroke subtype (39%), while in patients with stroke while awake, small-vessel disease was the underlying mechanism significantly (P < .001) less often (13.8%). In contrast, patients with stroke while awake suffered significantly (P < .001) more frequently from intracerebral hemorrhage (18.2%) and cardioembolic stroke (34.9%) when compared with subjects with stroke during sleep (6.4% and 18.9%, respectively). The multiple variable logistic regression model identified the following factors as independent predictors of stroke during sleep: atrial fibrillation (odds ratio: 0.346, 95% confidence interval: 0.237-0.505, P < .001) and intracerebral hemorrhage versus ischemic stroke (odds ratio: 0.238, 95% confidence interval: 0.138-0.410, P < .001). Lacunar infarction was the only ischemic stroke subgroup that was positively associated with stroke during sleep (odds ratio: 2.568, 95% confidence interval: 1.447-4.560, P < .001). Conclusions: There are significant differences between stroke during sleep and stroke while awake concerning vascular risk profile and stroke etiologic subtypes.
INTRODUCTION

EVERY YEAR, ABOUT 5 MILLION PEOPLE DIE ALL OVER THE WORLD BECAUSE OF STROKE, MAKING IT THE
THIRD LEADING CAUSE OF DEATH. 1, 2 It is the number one cause of neurologic disability worldwide. 3 Stroke occurs most often shortly after awakening in the morning hours. 4 However, almost every fifth stroke occurs during the night, and patients wake from sleep with their handicap, having gone to sleep with no neurologic deficit. [4] [5] [6] [7] [8] [9] [10] [11] Data about specific risk factors and etiologic mechanisms of stroke during sleep are conflicting. 7, [11] [12] [13] [14] [15] We therefore conducted this prospective hospital-based study in order to investigate the association of known vascular risk factors and stroke subtypes of different etiology with stroke occurring during sleep in a large cohort of patients with first-ever acute stroke.
SUBJECTS AND METHODS
Data Collection
This study was based on 1654 patients with first-ever acute stroke consecutively included in the Athens Stroke Registry between June 1992 and May 2003. The Athens Stroke Registry is a computerized, prospective, observational databank, gathered in a university teaching hospital, which provides tertiary-care services to the urban population of the city of Athens. Details of the stroke population gathered in this registry over the first 5-year period (from June 1992 to May 1997) and exclusion criteria (age below 18 years, transient ischemic attack, recurrent stroke, and subarachnoid hemorrhage, etc.) have been previously described. 16 All patients were admitted from the emergency room and hospitalized in a 5-bed acute stroke unit or in a general medical ward. On admission, an internist specialized in stroke or a neurologist examined all patients. The initial evaluation routinely consisted of a noncontrast computed tomographic (CT) scan of the brain, standard blood tests, a chest radiograph, and 12-lead electrocardiogram. A second CT or magnetic resonance imaging (MRI) scan of the brain was performed in all subjects (4-14 days after stroke onset) in order to identify the clinically relevant ischemic lesion if the initial CT scan had been normal or to evaluate edema formation or hemorrhagic infarct transformation. Selected patients underwent Doppler ultrasonography of the cervical arteries (85%), transthoracic and transesophageal echocardiography (62%), and 24-hour Holter monitoring (35%).
The time of symptom presentation and the activity at onset were evaluated on admission by precisely asking questions of the patients themselves. In patients with aphasic disorders or decreased level of consciousness, information was obtained from relatives. For the present study, we examined the parameter "activity at stroke onset" (onset during night sleep vs onset while awake), which is an item on our standardized patient-evaluation protocol. We chose this parameter rather than the "time of stroke onset" to avoid bias due to the uncertainty of the exact onset time during sleep.
We prospectively evaluated data of patients only with docu-mented activity at stroke onset. Therefore, a total of 206 patients with missing or uncertain data concerning their activity at onset were excluded from any further analysis. Specifically, individuals who had strokes during naps (n = 28) were excluded from the present study on the basis of the former criterion. Our final study population consisted of 1448 patients with first-ever stroke.
Definitions
Ischemic strokes were classified based on etiologic mechanisms according to the Trial of Org 10172 in Acute Stroke Treatment criteria. 17 Large-artery atherosclerotic stroke included stroke due to distal insufficiency (vascular imaging showing occlusion or > 50% stenosis in the ipsilateral-to-infarct large-vessel supply, border-zone infarcts in the CT or MRI scans and additional clinical features as prior transient ischemic attacks in the same territory, stepwise or gradual onset, and history of atherosclerotic disease) as well as stroke due to artery-to-artery embolism (vascular imaging showing occlusion or > 50% stenosis and/or ulceration > 2 mm in depth in the ipsilateral-to-infarct large-vessel supply, ischemic changes in superficial fields in the ipsilateral cerebral artery supply and additional clinical features as history of atherosclerotic disease, sudden onset, and absence of major source of cardioembolism). Cardioembolic stroke was diagnosed in the presence of 1 or more cardiac sources of embolism with high-risk criteria (atrial fibrillation, atrial flutter or sick sinus syndrome, prosthetic valves, recent myocardial infarction, etc). In these cases, vascular imaging should exclude occlusion or stenosis greater than 50% or ulceration of greater than 2 mm in depth in the ipsilateral-to-infarct large-vessel supply. Infarction in the territory of a single infarct or in combination with multiple infarcts in other divisions of the major cerebral arteries and hemorrhagic infarction were the corresponding CT and MRI findings. The diagnosis of small-artery occlusion or lacunar stroke was made with certain CT and MRI findings (small infarctions < 1.5 cm in the distribution of deep penetrating arteries appropriate for clinical symptoms) in presence of history of hypertension or diabetes mellitus and absence of large-vessel atherosclerotic changes.
The diagnosis of intracerebral hemorrhage (ICH) was made when hyperdense lesions were identified on admission CT scan according to the Athens Stroke Registry definitions. 16 Patients were grouped according to the probable etiology of the ICH. Primary or hypertensive ICH was diagnosed in patients with a history of hypertension documented before or during hospitalization and with no other apparent cause for ICH. Secondary ICH was diagnosed in patients with all other causes for ICH (vascular malformations, long-standing anticoagulation, coagulopathy, thrombocytopenia, and presumed cerebral amyloid angiopathy) identified by means of brain imaging, cerebral angiography, biopsy, autopsy, and blood analysis.
During hospitalization, the following risk factors were documented: hypertension (evidence of systolic blood pressure above 160 mmHg or diastolic blood pressure above 95 mmHg before or 4 weeks after stroke onset or use of antihypertensive medication before the index event for the time period between 1992 to 1999, 16, 18 evidence of systolic blood pressure above 140 mm Hg or diastolic blood pressure above 90 mm Hg before or 4 weeks after stroke onset or use of antihypertensive medication before the index event for the time period between 2000 and 2003 19 ); diabetes mellitus (evidence of fasting blood glucose levels exceeding 6.0 mmol/L before stroke or use of blood sugar-lowering drugs before the index event); atrial fibrillation; hypercholesterolemia (cholesterol concentration above 6.5 mmol/L); current smoking (daily smoking prior to stroke); obesity (body mass index above 30 kg/m 2 ) 20 ; coronary artery disease (angina pectoris, myocardial infarction, angioplasty, or coronary artery bypass surgery assessed by questionnaire and medical confirmation); congestive heart failure (on the basis of well-documented clinical records before the index event or on the basis of clinical evaluation, chest radiograph, and echocardiography during hospitalization); and history of transient ischemic attacks (temporary and focal neurologic deficit lasting less than 24 hours documented by a neurologist prior to the index event). 16 
Statistical Analysis
Statistical comparisons were performed between patients with stroke during sleep and those with stroke while awake in terms of demographic features and preexisting conditions. For binary outcomes, the χ 2 test or, in case of small-expected frequencies, Fisher exact test was used. Continuous variables were compared by use of unpaired t tests. Results are presented as mean (SD) or as percentages. Logistic regression analyses were performed to identify independently predicting factors for stroke during sleep versus stroke while awake. The different stroke subtypes and prespecified confounders (age, sex, hypertension, diabetes mellitus, hypercholesterolemia, smoking status, obesity, coronary artery disease, heart failure, atrial fibrillation, and admission systolic and diastolic blood pressure values) were included in the logistic regression model. For the needs of the present study, 2 logistic regression models were built. The first model investigated the association between stroke during sleep and ICH in comparison with ischemic stroke. In the second model, only patients with cerebral infarction were included, and the relationship of the different ischemic stroke subtypes with stroke during sleep was assessed after adjustment for prespecified confounders. Significance was calculated by the likelihood ratio test. The odds ratios (OR) were computed with their corresponding 95% confidence intervals (95% CI) with the stroke, while awake subgroup as the reference. Statistical significance was achieved if P < .05. The Statistical Package for Social Science (SPSS Inc, version 10.0 for Windows, Chicago, Ill) was used for statistical analyses.
RESULTS
The study population with known activity at stroke onset (during night sleep or while awake) consisted of 1448 patients with first-ever stroke (mean age 69.9 ± 11.8 years; men, 61.5 %). Ischemic stroke was diagnosed in 1216 patients (84%), while 232 patients (16%) presented with stroke symptoms due to ICH. The distribution of ischemic-stroke subtypes was as follows: largeartery atherosclerotic 14.7% (n = 213), cardioembolic 32.0% (n = 463), lacunar 18.4% (n = 266), and infarcts of undetermined cause 18.9% (n=274). Primary ICH was identified in 188 (81.0%) out of the 232 patients with acute cerebral bleeding. Stroke during sleep was documented in 264 cases (18.2%), whereas the majority of patients suffered stroke while awake (81.8%). Demographic data and stroke risk factors of patients with stroke during sleep and stroke while awake are presented in Table 1 . Patients with stroke during sleep were younger and had a higher prevalence of diabetes mellitus, hypercholesterolemia, smoking, and transient ischemic attacks, in comparison with subjects who suffered stroke while awake. On the other hand, atrial fibrillation and female sex were significantly more frequent in patients with stroke while awake. The differences between the 2 subgroups concerning obesity, hypertension, coronary artery disease, heart failure, and admission blood pressure values did not reach statistical significance.
The percentage of strokes during sleep due to lacunar infarctions (39%) was significantly (P < .001) higher than the proportion of strokes while awake with small-vessel disease as the underlying mechanism (13.8%, Table 2 ). In contrast, patients with stroke during wakefulness suffered significantly (P < .001) more frequently from ICH (18.2%) and cardioembolic strokes (34.9%) when compared with subjects with stroke during sleep (6.4% and 18.9%, respectively). No statistically significant differences between the 2 subgroups were documented concerning the other stroke subtypes (large-artery atherosclerotic and infarcts of undetermined cause).
As a next step, we examined the association of stroke subtypes (ICH versus ischemic stroke) and prespecified confounders (stroke risk factors and admission blood pressure values) with stroke during sleep by means of logistic regression analysis ( Table 3) . The logistic regression model identified the following factors as independent predictors of stroke during sleep: atrial fibrillation and ICH versus ischemic stroke. Specifically, ICH (OR: 0.238, 95% CI: 0.138-0.410, P < .001) and atrial fibrillation (OR: 0.346, 95% CI: 0.237-0.505, P < .001) were negatively associated with stroke during sleep. Finally, the association of ischemic stroke subtypes with stroke during sleep was investigated in a separate multiple variable logistic regression model that included only patients with cerebral infarction (Table 4) . In the former model, large-artery atherosclerotic stroke, infarct of undetermined cause, and lacunar stroke were compared with the referent subtype of cardioembolic stroke. Only lacunar stroke was positively associated with stroke during sleep (OR: 2.568, 95% CI: 1.447-4.560, P < .001), after adjustment for the abovementioned prespecified confounders.
DISCUSSION
Our results demonstrating that almost every fifth stroke patient suffers stroke during nighttime sleep are practically identical to those reported by Marsh et al 5 and Bornstein et al 10 and comparable to those presented by other investigators. 4, [6] [7] [8] [9] [11] [12] [13] [14] In comparison to all reported previous studies, which had focused exclusively on cases of ischemic strokes, our study was the only one to also include patients with ICH. This fact makes our study population more representative in terms of stroke etiology and allows associations to vascular risk factors, since no patient selection was performed.
There is little consensus whether certain stroke types predominantly occur during sleep or wakefulness. On the one hand, recent studies have revealed no relevant differences in the etiologic characteristics of stroke during sleep and stroke while awake. 10, 11 On the other hand, Caplan et al 15 first found thrombotic and lacunar strokes to have a more frequent onset during sleeping hours when compared with embolic strokes. This was later also reported by Chamorro et al 21 and Lago et al. 12 In agreement with those findings, Bassetti and Aldrich 13 also described that nighttime onset of transient ischemic attacks and stroke was somewhat more common in patients with microangiopathy. Fink et al 14 have also recently demonstrated a nonsignificant trend toward a greater number of lacunar strokes among patients with stroke during sleep. Furthermore, the investigators of a Spanish study reported that one third of patients with lacunar strokes had their symptom onset during nocturnal sleep, whereas ICH manifested significantly more frequently during the morning hours. 22 In agreement with these later studies, our results clearly indicate that there are significant differences in the prevalence of certain stroke subtypes occurring during sleep. We found lacunar stroke to be positively associated with stroke during sleep. This is compatible with the significantly higher rate of patients with diabetes mellitus and hypercholesterolemia among those with stroke during sleep. Our study also demonstrated that ICH is negatively associated with stroke during sleep. To our knowledge, such a finding has not been previously reported, mainly due to the exclusion of hemorrhagic strokes from the evaluation protocol of all other studies.
Lacunar infarcts are caused mainly by small-vessel disease occluding a perforating artery. 23 2 types of underlying vascular pathology: lipohyalinosis and microatheromatosis. 24 Hypertension, which has generally been considered as the most common cause of lacunar infarction, 23 is more strongly related to lipohyalinosis. 25 The introduction of the ambulatory blood pressure-monitoring technique has provided unique information about the diurnal variation of blood pressure. In normal subjects, blood pressure decreases during sleep by 10% to 20% (dippers) and increases promptly on waking. 26 In hypertensive patients, a variety of abnormal diurnal-variation patterns have been described in which the nocturnal blood pressure fall may be more than 20% (extreme dippers) 26 or less than 10% (nondippers). 27 According to several cross-sectional and longitudinal studies, an increasing body of evidence indicates that the nondipping 28, 29 as well as the extreme-dipping status 26, 30, 31 correlate with the occurrence and the extent of lacunar infarcts. These results raise the possibility that cerebral hypoperfusion due to an excessive nocturnal blood pressure reduction might trigger silent and clinically overt lacunar infarctions during night in extreme dippers. 30, 31 In addition, it has been shown that the use of antihypertensive medications may be associated with an exaggerated nocturnal blood pressure dip and, in turn, with the development of ischemic lesions during the night, especially in the territory of stenotic arteries. 30 On the other hand, it has been assumed that the nondipping status, causing persistent pressure overload during the whole 24 hours, 32 correlates with progression of hypertensive target organ damage in the heart (increased left ventricular mass), 33 the renal system (occurrence of microalbuminuria), 34 and the brain (acceleration of lipohyalinosis, development of white matter lesions, and lacunar infarcts). 28 Conversely, the morning increase in hemorrhagic stroke a few hours after awakening could be explained by the rise of blood pressure due to an increase in sympathetic tone during the first morning hours, which is known to follow, in parallel to pulse rate and physical activity, a circadian pattern with a typical morning peak. 35 On the contrary, lower blood pressure levels during the night could explain the lower frequency of ICH during sleep. The onset of spontaneous ICH in certain situations (cold exposure, drug abuse, dental pain, and trigeminal compression) provides an indirect confirmation that abrupt blood pressure increases on awakening may cause rupture of arterioles or Charcot aneurysms and subsequent cerebral bleeding. 36 Sloan et al 37 described the temporal pattern of onset of ICH in hypertensive patients as being similar to the diurnal variation in blood pressure, with a morning peak after awakening. In a hospital-based study Passero et al 38 demonstrated a clear circadian variation of ICH of different etiology. They documented a peak incidence in the morning hours (between 6:00 AM and noon) corresponding to an increased relative risk for ICH by 80% (observed number of events per expected number of events = 1.80) and a minimum incidence during the night (between 0:00 AM and 6:00 AM) corresponding to a decreased relative risk for ICH by 65% (observed number of events per expected number of events = 0.35). These findings were also supported by the results of a major population-based study 7 and a recent meta-analysis. 39 However, it needs to be mentioned that other investigators have failed to describe a similar circadian pattern 40 or reported an incidence peak between noon and 6:00 PM. 41 Stroke during sleep was not associated with the remaining ischemic stroke subtypes. Although hypertension is one of the well-known cardiovascular risk factors for both small-vessel and large-vessel infarctions, large-artery atherosclerotic stroke was not related to stroke during sleep, in contrast to lacunar stroke, which was the most frequent stroke subtype occurring during sleep. Differences between these 2 stroke subtypes concerning pathophysiologic parameters, other than blood pressure, that influence cerebral tissue perfusion may be the underlying cause of the positive association of stroke during sleep with only smallvessel disease. There is a high prevalence of sleep apnea in patients with ischemic stroke, 42, 43, 44 and sleep apnea persists when stroke symptoms have resolved, leading some investigators to suggest that sleep apnea is antecedent to the development of cerebral infarction. 43, 44 Moreover, the presence of sleep apnea in * The odds ratio (OR) and the 95% confidence intervals (95% CI) were computed with the stroke-while-awake group as reference. The association between ischemic stroke subtypes and stroke during sleep versus stroke while awake was adjusted for the following known prognostic factors: age, sex, smoking, hypertension, diabetes mellitus, hypercholesterolemia, atrial fibrillation, heart failure, coronary artery disease, transient ischemic attacks, systolic and diastolic blood pressure values on hospital admission, and obesity.
the acute setting of stroke is associated with unfavorable clinical course, including early neurologic worsening, impaired functional capacity, and cognition. 44, 45 Furthermore, stroke during sleep was predicted by the occurrence of moderate to severe sleep apnea in the first night after cerebral infarction. 45 Recently presented data suggest that apneas during sleep are associated with changes in cerebral blood flow, which, combined with reduced cerebral perfusion, may predispose to nocturnal cerebral ischemia. 46 It has been also assumed that these changes in cerebral blood flow could cause alterations of vessel-wall tension leading to chronic strain on the brain vessels with consequent microangiopathies and macroangiopathies. 47 In addition, a relationship between sleep apnea syndrome inducing nocturnal hypercapnia and a diminished vasodilator reserve has been reported. 48 Moreover, the occurrence of periventricular white matter lesions and multiple silent as well as symptomatic small subcortical infarctions has been associated with such a decreased cerebrovascular reactivity. 49, 50 It seems that apart from blood pressure changes, the parameter of cerebrovascular reactivity in relationship to sleep disturbances is of etiologic relevance and needs to be further investigated.
Our results indicate that atrial fibrillation, a known independent risk factor for cardioembolic stroke, is negatively associated with stroke during sleep. This is compatible with the results of recent studies that have reported a circadian pattern with a first morning peak for paroxysmal atrial fibrillation and ventricular tachyarrhythmias. 51, 52 Moreover, the circadian variation of the hematocrit, the blood viscosity, and the platelet aggregability with a peak in the morning hours and a nadir during the night may in part explain the more frequent manifestation of cerebrovascular events during wakefulness in patients with atrial fibrillation. 53, 54 We have also recently described an early morning occurrence of cardioembolic stroke due to atrial fibrillation. 55 All of these differences may be related to the pathogenesis of different stroke subtypes occurring during asleep and wakefulness.
There is only 1 report among the studies evaluating stroke in relationship to sleep that documented an association between admission blood pressure values and stroke during sleep versus stroke while awake. Significantly lower diastolic blood pressure values among patients with stroke during sleep were reported, suggesting a relationship between nighttime hypotension and stroke occurrence. 13 Our results as well as those from other groups have failed to identify significant blood pressure differences between patients with stroke during sleep and stroke while awake during the acute stage of stroke.
Our study is the first to describe a direct association between activity at stroke onset and etiologically different stroke subtypes after adjusting for known stroke risk factors. Onset during sleep strongly indicates that the patient had suffered a lacunar stroke, while an ICH should be considered as rather unlikely to cause stroke symptoms during sleep.
This study has a number of methodologic limitations that need to be addressed. It is a hospital-based study conducted in only 1 center. Although patients with all stroke subtypes were considered and a broad spectrum of demographic parameters and risk factors, including obesity, were documented, bias due to the selection of patients admitted to our institution cannot be avoided. The major limitation of our study is the lack of information in the majority of cases regarding sleep apnea and other sleep-related disorders. Since data indicating the relevance of nocturnal apneas and especially the importance of cerebrovascular reactivity disorders for the pathogenesis of ischemic stroke were first presented after we conducted the major part of our study, we were not able to include similar information in our evaluation. Such data could eventually influence our results.
In conclusion, there are significant differences between stroke during sleep and stroke while awake concerning the underlying vascular risk-factor profile, as well as the etiologic mechanisms of the different stroke subtypes. Further prospective studies that include nocturnal perfusion, cerebrovascular reactivity, sleep apnea, and sleep-related diseases are needed in order to clarify the interesting and yet insufficiently investigated underlying mechanisms of stroke occurring during sleep.
